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EXCESSIVE PRECIPITATION IN ARKANSAS. 

BY H. S. COLE, Meteorologist. 
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SPNOPSII. 

The following article k based upon 211 excessive precipitation 
records at Bentonville. Fort Smith, and Little Rock. the three regular 
Weather Bureau stations in drkanms, and at Memphis, Shreveport. 
and Viclisburg, three near-by stations. Extreme rates, average rates 
for consecutive five-minute periods, and number of occurrences for 
different rata and different periods of time are tabulated. Curves 
are prepared showing these extrema, averaqes. and number of occur- 
rences. ala0 curva showing the number 01 tabulations of exrassive 
precipitation by months aud curvea showing the niirnher of times 
per year different rates for different periods have occurred. The data 
and curves are explained in the teat. 

The following article was prepared to meet the needs 
of engineers, contractors, agriculturists, and other per- 
sons whose business is affected by excessive precipitation. 

All records of excessive precipitation at Bentonville, 
Fort Smith, Little Rock, Memphis, Shreve ort, and 

the means, extremes and the number of times of occur- 
rence determined. durves were drawn showing the ex- 
tremes, averages,. cumulative amounts, frequency of 
stated rates in given times and the number of times 
excessive precipitation occurred at the different stnations 
in the different months. 

Precipitation records from automatic instruments at 
Bentonville are available for the ast 15 years, a t  Fort 

the central, western, and northwestern portions 

Arkansas with such records. Fortunately, however, 
Memphis, with a 24-year record, is just across the 
Mississippi River; Shreve ort, with a 19-year record, is 

Vicksburg, with a 24-year record, is 45 miles south and 
slightly east of the southeast corner. It is thought that 
the records of these stations are fairly representative of 
conditions in Arkansas. The greater portion of the 
data was obtained from the published reports of the 

Vicksburg were used. The data were tabu P ated and 

Smith for 19 years, and a t  Litt P e Rock for 24 years, 

35 miles south of the sout Yl west corner of the State; and 

very well, but there are no other stations in 

Chief of the Weather Bureau and the MONTHLY WEATHEB 
REVIEW; the data that could not be obtained from 
these were kindly furnished by the officials in charge of 
t . 1 ~  stations mentioned. 

The data used are from tip in -bucket rain-gages, the 

sheet,s. It; may be well to estlain that the limit a t  which 
prccipitation is coiisidered as. escessive ” by the Weather 
Bureau is k e d  at  0.35 of an inch or more in five minutes, 
0.30 inch in 10 minutes, 0.35 inch in 15 minutes, etc., the 
limit increasing 0.05 for each successive five minutes. 
The rate is considered escessive even if it  does not equal 
the rate stated in the first few periods if it equals or 
exceeds that rate later. The tabulation does not begin 
until the rate equals 0.05 inch in five minutes and ends 
as soon as the rate falls below this value unless it falls 
below for only a short time, then becomes excessive 
again. Precipitation is also considered excessive when 
1 inch occurs in 1 hour or 2.50 inches in 24 hours. 

All available escessive preci itation data for the 

order by rnont,hs and the amounts for the 5-minute 
periods up to 60 minutes were determined. The greatest 
amount for any 5-minute period, 10-minute period, etc., 
was obtained for each station as shown in Table 1. 
This table is in the form in which such data are used in 
the Weather Bureau, but, runoff formulse for small areas 
and short periods of escessive precipitation require the 
precipitation in rate er hour instead of amounts that 

Table I and other data except for 24-hour periods were 
reduced to rate per hour. 

The avera e rate per hour for the consecutive 5- 

eriods was determined, the results being shown in 

rainfa.11 being recorded in hun 8 8  re ths of an inch on timed 

stations mentioned were tabu P ated in chronological 

occur in short perio B Y. For this reason the data in 

minute perio % s for the first 60 minutes of the excessive 

4able 2. 

TABLR l.-0reatrst prtcipitcrtion txw rcrordivl in. 5 minutes, 10 minutes, ctr. 
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TABLE ?.--A ceruge rote per hoiirjor conseciitii:c 5-n~i.tvute periods. 

Sept. Oct. 

I--- 

6 

11 
13 l4 14 
7 6 

12 9 

10 l3 7 
2 

7 
5 
5 
7 

2 
0 e4 

1 127 
2 125 
5 118 
7 152 

0 n 

amin. 50min. 55min. 60min. ---- I l l  
Bentonville ( 1 ~ 1 0 2 0 ) . .  ............................ .I 2 16 
Fort Smith 1WZ-19'20) ............................ -! 1. SO 

................................ 1.6s 

I 1.92 
1.82 

Little R&\lSS7-1920)::.. ........................... 1. SO 

......................... ............................... 
Average slx stations.. ............................... .I 

0.84 0.84 
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o w  0 . 1  

1.20 am 
1.m a n  

1.32 
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Ben;;; I 
Nyber Number of times- 

Fort Sm!th. Little Rcck. 
lumber of l imes- 

Memphis. 
lumber of times- 

Shrewport. 
lumber or times- 

Rate per hour. times- j - 
1908- 
1920. 

- 
1506 
1920. 

- 
1- 
1920. 

1 u w  
1920. 

1597- 
1920. 

1597- 
1920. 

1- 
1920. 

__ ____ --- 

For 10 minutes. 
6.00 ....................................................... 
4.60 ....................................................... 
3.60 ....................................................... 
2.40 ....................................................... 
1.20 ....................................................... 
coo ....................................................... 
3.60 ....................................................... 
280 ....................................................... 
200 ....................................................... 
1.20 ....................................................... .so ....................................................... 
3.00 ....................................................... 
250 ....................................................... 
a00 ....................................................... 
1.50 ....................................................... 
100 ....................................................... .ea ....................................................... 
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For 1 hour: 
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The number of IO-minut,e eriods with precipitation 

per hour or more, etc., was determined, alsp the number 
of 30-minute periods with a rate of 0.80 inch or more 
per hour, 1.20 inches or more per hour, etc., and the 
number of 60-mnute periods with a rat,e of 0.130 inch or 
more per hour, 0.SO inch or more, etc., the data bein 

data should be for the same enod at  all stations. The 

at the rate of 1.20 inches per R our or more, 2.40 inc.lies 

found in Table 3. For the purpose of comparison SUC f 1 

record at  Bentonville is for t 5l e period 1906 to 1920, so 

the data a t  all stations were obtained for that period, 
the numbers for the entire eriod a t  each station being 
inclosed in parentheses. $he number of 24-hour pe- 
riods wit.h l inch or more precipitation, 2 inches or more, 
etc., was determined as in Table 4. The data for this 
table are for the 15-year period and for the entire period 
of record, the latter being in parentheses. 

The number of times excessive precipitation waa tabu- 
lated a t  the different stations is shown by months in 
T&le 5, the data being for 15 years. 

TAJ~LE 4.-A7?tntber of h c s  gdwn rote pw 2.4 hottrs occurred. 

Benton- 

Number 1 Number of times. , Number of times. 
1 ville. I Fort Smith. I LittleRoek. 1 Memphis. 1 Shrewport. 1 Vicksbur 

Piumber of times. Number of times. Number olt&hea. 
Rate per 24 hours. I- 
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-- 

lS97-1820 lSog.ls20 I 
0 
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0 
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3 
6 

1 23 
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em.. ........................................................... 
8.00 ............................................................. 
7.00 

5.00.. 

8.00 ............................................................. 1 12 

1.00 ............................................................. 1 117 

............................................................. 0 

4.00 4 

2.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2s 

.......................................................... 
6. OO... ............................................................ 1 ;  

............................................................. 

I I ____  I 

NOV. I Dee. I Year. 
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3.00 ..................... 0.00 0.00 
2.50 ..................... 0.00 0.00 

1.00 ..................... 2.10 1.00 

2.00 0.13 a i 6  ..................... 
1.50 .................... 1 0.471 0.32 

0.80 ...................... 5.301 3.70 ~- 

TABLE 6.-Number ojoccumnccs pet year. 

o.mi 0.m I o . ~  
o.oo1 0.11 0.12 

0.421 0.B 1.11; 1. GI1 
?.mi 1.501 

0.17 . 
ti.w! 5 .30 ;  i . 1 U I  9.311 
- -. . - -. ........ - . . .  

I Benton-( Fort 1 Little 1 Memphis (24 1 S h r e w  Vicks- 
Rate per hour. vllle (15 Smith (19 Rock (21 port (10 burg (24 

para). years). years). years). , years). I ycars). 

lOYtNUTE PEIUODS. 

2. OR 

6.00 
4.80.. 

2.40 ..................... 
1.20 ..................... 
3.60 .................... 

..................... 0.04 4.00 

2.80 ..................... 
1.20 ..................... 
0.80 ..................... 

..................... 
2.00 ..................... 

- 
8o-MINUTE PERIODS. 

For man purposes the amounts of precipitation in 

placecfan insert in the upper right-hand corner of the 
rectangles for the h t  set of curves and have drawn 
curves for the greatest amounts in 5 minutes, 10 minutes, 
etc., up. to 120 minutes for each of the stations. Such 
curves are frequently called cumulative or mass curves, 
and indicate much more plainly the variation in the rate 
of fall a t  a gi.ren time than curves for rate per hour. 

It may he of advantage to know in what portion of 
tho shower the heaviest preci itation has occurred. 

pared from the data in Table 3, showing the average 
rate per hour for the successive 5-minute periods. These 
curves show that the rate usually increases rapidly the 
first 5 minutes, continues high for about 10 minutes, 
decreases rapidly the next 5 minutes, then decreases 
slow1 until the rate ceases to be excessive. The curve 
for tze data at Bentonville is higher in the h t  three 
periods that those at the other stations. This is due to 
the fact that escessive precipitation at  that place nearly 
alwtiys occurs in connection with a thunderstorm of the 
Plains States type-intense for a few minutes, then over. 
The surface air beconies intensely heated in summer, 
causing strong convective, currents, w1fic.h result in the 
intense thunderstorms of that section; but the moisture 
of the air is insufficient t,o build up the extensive thun- 
derstorms, such tis occur farther southeast. Moderate 
prwi itation frequently occ.uis at  Fort Smith and Ben- 
t,onv$lc in winter, but these places are. cut off from the 
easterly to southerly winds to a great extent by the 
mountains, causing much lighter ramfall at  that season 
than occurs farther southeast. 

Remarks on, Table 5.-Escessive jycipitation was 
recorded very few times from Norem er to Apd,  none 
having been recorded st Fort Smith and Bentonville in 
December. The 
tions from April 

short erio B s are desirable, and for such cases we have 

For this purpose the curves of t f e second set were pre- 

of tabulations of excessive 

and a t  this station data for a 
month having the greatest 

do not. The geographic distribution for short intervals 
is very irregular. The first set of curves shows that the 
reatest rate for a 5-minute period is 9.36 inches per 

%our a t  Memphis; the next greatest, 9 per hour a t  Benton- 
villc, Vicksburg being thwd, with 8.88 inches. The 
oreatest rate for a 10-minute eriod was 7.20 inches er 

per hour a t  Vicksburg. The greatest rate for a 30-minute 
period was 4.60 inches per hour at Vicksburg; the next 
greatest, 4 inches a t  Shreveport. If we accept the rec- 
ord a t  Fort Smith for August 7-8, 1898, before the tip- 
ping-bucket recorcl a t  that place began, the greatept rate 
on record at that station for one hour is 3.25 mches; 
Shreveport being a close second, with 3.15 inches; Vicks- 
burg third, with 3.11 inches. Mem]?his, the station hav- 
ing the greatest rate per hour for five minutes, has the 
least for one hour, 1.97 inches. The eatest rate per 
hour for two hours is 2.56 inches at hreveport, 1.97 
inches being recorded a t  Vicksbur for the same period. 

Lour at Bentonville, the secon : highest being 6.66 inc % es 

The greatest amount for any 24- h our period on record 
1 Third setpot reproduced: EDITOB. 



438 MONTHLY WEA4THER REVIEW. AUGUST, 1991 

_ _  _ _  ~~ 

Fm. l.-hte olprecipitation In individual storms, and greatest rate3 on record at Bentonville, Fort Smith, and Little Rock, Ark. Insert: Greatest cumulative amounts on m. 
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FIG. 2.-Rate of preclpitstion in individual stonus. and :;mat& ratas on record at  Memphis, Tern., Shreveport, La., and Vicksburg, Miss. Insert: Greatest cumulative 

amoimts on record. 
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MIY UTES 
10' 20 30 40 50 60 

MINUTES 
Fro. I-Avfage. rata of precipitstion,per hour (consecutive fivc-minute l.wiod31 a t  

various stations. 

the greatest rates, but it will be noted that the greatest 
amounts northwest of the Ozarks have been but little 
over 5 inches. Tho rates for the lon er periods increase 

a t  Little Rock and Memphis. 
The distribution of the number of occurrences is some- 

what similar. The number of occurrences of hi h rates 

great a t  Bentonville ns a t  any station, but for the lower 
rate,s the number increases toward the southeast. 

Curves for the sis stations were drawn on the same 
nses, showing the average number of occurrences per 
year for the different rates for the 10-mmute periods, simi- 
lar curves being drawn for the 30-minute, GO-minute, and 
the 24-hour eriods. The data will be found in Table VI. 

each other and are near the center o the group of curves. 
The Vicksburg curve usually forms. the upper limit and 
the Fort Smith curve the lower limit, except for tho 24- 
hour eriocls where the one for Bentonville is 10-wer. 

b u g  and the curve for Bentonville near the one for Fort 
Smith except for the 5-minute periods. 

On June 13, 18'77, a 24-hour rainfall ol 9-67 inches 
occurred a t  Memphis, which is not included in the tables. 
This was 43 years before the 9.30 inches which occurred 
at Memphis and two years before the record a t  Little 

R?f k G e l p h i a ,  a substation 65 miles southwest of 
Little Rock, 12 inches of rainfall occurred on June 28, 
1905. No other amounts of over 8 inches have been 
reported at substations in the State, one of the records 
be 'nning in 1840. 

!?he unusual amount at Arkadelphia was quite local. 
One 6-inch rain and several %inch rains were reported in 
the State on that date, but a t  most stations less than an 
inch occurred. When the 9.58 inches occurred a t  Little 
Rock, heavy rainfall was general over the State, nine-of 
the 59 substations reportin over 4 inches. Heavy rams 

the 9.30 inches occurred a t  Memphis; Henderson, Tenn., 
reporting 8.61 inches and a number of stations in western 
Tennessee, northern Mississippi, and eastern Arkansas 
reportin from 6 to 10 inches for the two-day eriod. 

sas occurred on Au st 17-20, 1915, when a tropical 

causing G to 14 inch rains, the greatest being 14.80 
inches a t  Hardy in a little more than two days. There 
were two areas of heavy rainfall separated bv the Arkan- 
sas River. ks the storm approached the southern 
Ozarks S to 10 inch rains occurred, but on1 4 to 7 inch 

the river the rains became heavy again, 14 stations in 
the northern ortion of the State reporting oTer 8 inches 

inches. The rainfall in the northwest corner of the State 
was from 4 to 5 inches, in the southeast portion, from 1 
to 2 inches. 

The greatest monthly recipitation on record in the 
State is 23.50 inches at gowe in Ma , 1905; the second 

whch inclu f es the 12 inches in 24 hours mentioned above. 

from northwest to southeast except a t e 24-hour periods 

per hour for 5-minute and lo-minute periods is a % out as 

P The curves P or Little Rock and Mem his usually are near 

The S Rr eveport curve is usually near the one for Vicks- 

were general over considera Q le surrounding territory when 

One o P the greatest three-day rains on recor B in Arkan- 

storm crossed the FF tate from southwest to northeast' 

rains were reported near the Arkansas. i ust nort,h of 

in less than t. 5l ree days, five st,ations reporting over 10 

largest bein 31.55 inches a t  Arkade T phia in June, 1905, 


